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Outline

Exploring and Validating 4DVAR approach

4DVAR Validation Experiment Settings
— Assimilation of ground-based GPS data for low latitudes
— Estimation of ExB drift and wind simultaneously
— lonospheric weather conditions
Results
— TEC comparisons with TOPEX, GIM, and IRl
— Density comparisons with ionosonde

Discussions of Optimization Issues



Elements of a 4DVAR Process

Estimation of multiple drivers and
improvement of state (n,)

e Physics-based forward model

e (bservation operator

e Parameterization of multiple drivers

e Computation of cost functional

e Calculation of Gradient: dJ/do. (adjoint method)

e Minimization of cost function

e Region of interest

e Data acquisition and selection

 Grid for parameter estimation: dimensions and spacing

¢ Determining the assimilation cycle length

o Selection of penalty coefficients



GAIM Grid for Low Latitude
Simulation Experiments
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Cost function to compute model
deviation from observations

Adjoint method to compute
gradient of cost function:
computation efficiency

Minimization: finding roots using
Newton’s method by estimating
driving parameters

Parameterization of model drivers

To estimate ionospheric drivers

and optimize the state



Parameter Grid and GPS Stations

IGS Global GPS Network (12/07/2002)
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10 deqree elevation mask. Subionospheric height at 430 k.

e Number of stations: 12/07/2002: 31
e Observation links: ~2240/ hour, sampled at 5-minute epochs



Nind Perturbation Scale Pattern
in Altitude Dimension




Quiet: 12/07/2002 F10.7=147, F10.7a=152, Ap=13

DEC 2002 Geomagnetic andition
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COSTF

Cost Function Comparison
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GAIM-GIM Comparison: VTEC

" -TEC Comparison  12/07/2002 at UT = 11:59
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GAIM-GIM Comparison: VTEC

TEC Difference: GAIM - GIM 12/07/2002 UT: 1200
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ExB Drift Estimation after 2 Assimilation Cycles
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ExB Drift Estimation after 8 Assimilation Cycles
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Drift Estimation: 12/07/2002

ExB Drift Estimation after 6 Assimilation Cycles
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Meridional Wind Perturbation during 10 - 12 UT
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TEC Comparisons
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TEC Comparisons:
Test of Penalty Weightings
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Dynamical Drivers

Meridional Wind Perturbation during 08 - 10 UT Meridional Wind Perturbation during 08 - 10 UT
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Dynamical Drivers

ExB Drift Estimation after 9 Assimilation Cycles

Meridional Wind Perturbation during 16 - 18 UT
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o Estimation of EXB drift only
e Estimation of ExB drift and wind simultaneously

« Estimation of production alone and with the other
drivers to assess the sensibility

» Testing different assimilation cycle lengths

» Testing with and determining regularization
coefficients with respect to different types of drivers

e Quiet and storm days



- Issues Concerning the 4DVAR Process
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k=1

e Balance of ACL to catch both LT and UT effects
— Longer ACL for LT patterns
— Shorter ACL to capture UT variations/effects
— Shorter for computing time and operation

— Opverlapping data for more stable solutions and high temporal
solution requirements

e Determining regularization weighting coefficients
— Balance between driver and state adjustment

— With respect to different kinds of parameters/drivers and initial
state

— Adjusting initial state too

e Number of parameters
— Finer spatial resolutions require a larger number of parameters





